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A Characterization of Marsh Sediment at
Prairie Wolf Slough Wetland
Kathryn Rico*
Department of Environmental Science and Studies

ABSTRACT

Prairie Wolf Slough (PWS) is a restored farmed wetland in northeastern Illinois. Past research has

shown that concentrations of soluble reactive and total phosphorous in water that discharges from PWS are higher than
the phosphorus concentrations in water entering the wetland. This project assessed the contribution of phosphorous
from sediment/soil being deposited in the marsh. Sediment/soil samples were collected and measured for Mehlich-3
soil test phosphorous, carbon-nitrogen ratio, and particle size. Sediment traps placed in the marsh measured monthly
sedimentation rate. Correlation analysis shows weak associations between soil test phosphorous, and percent silt, sand,
and clay. While this does provide a greater understanding of sediment/soil dynamics within the marsh, it does not give
reason to such high phosphorous loads in PWS water.

INTRODUCTION

in removing pollutants (Diaz et al., 2012). Amongst

Wetlands are environments containing water for a

constructed wetlands alone, Vymazal (2007) discovered

significant period of time, poorly drained hydric soils,

that removal of nitrates varied between 40 and 50%,

and hydrophytic vegetation (Racle et al., 1993). Wetlands

and that removal of total phosphates varied between

exhibit enormous diversity depending on geographic

40 and 60% of input nutrient concentrations. The age of

location, plant and soil dynamics, and water regime and

constructed and restored wetlands can also determine

chemistry (Finlayson and Moser, 1991). Wetlands may

how well these systems mimic natural wetlands; they are

serve as ecological alternatives to water purification

typically younger than natural wetlands, and therefore,

techniques, including treatment of water affected by

may take 10 to 20 years to achieve functionalities that

urban and industrial effluent, and agricultural runoff

natural wetlands of similar ecosystems experience

(Stottmeister et al., 2003). Wetlands remove suspended

(Poach and Faulkner, 1998; Stefanik and Mitsch, 2012).

sediments—sediments that carry toxins and nutrients
that serve as pollutants—from water sources, improving

Because the functionality of constructed and restored

the water quality of their surrounding environments’

wetlands for water purification and pollutant removal

watersheds (Poach and Faulkner, 1998). In comparison

changes as they age, water and soil quality assessments

to natural wetlands, constructed and restored wetlands

would be most effective if they were long-term research

may not have the same functionality and efficiency

endeavors. Furthermore, the capabilities of constructed
and restored wetlands in removing pollutants, and
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therefore providing a multitude of ecological and
economic benefits, make water and soil quality
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assessment necessary in understanding how effectively

The objective of this study was to characterize selected

these ecosystems are performing (Montgomery and

chemical and physical properties of the soil and sediment

Eames, 2008).

found in the emergent marsh of PWS, in an attempt to
have a more developed understanding of sedimentation

Montgomery and Eames (2008) demonstrated the need

dynamics in this wetland system. Properties tested in this

for the water and soil quality assessment of the Prairie

study included: soil test Mehlich-3 phosphorous, carbon-

Wolf Slough (PWS) wetland of northeastern Illinois.

nitrogen (C:N) ratio, particle size, and sedimentation

In the 1990s, PWS was restored from prior agricultural

rate.

farmland in an attempt to increase the water quality
of the Chicago River, which receives water from the

ST U DY A R E A

wetland (Montgomery and Eames, 2008). Montgomery

Prairie Wolf Slough (PWS), located in Lake County, IL,

and Eames (2008) undertook a long-term research

was converted from previous agricultural land in the

project to assess the water and soil quality of the PWS

1990s. PWS is managed by Lake County Forest Preserve

wetland. By conducting various water quality tests and

District and comprises a total of 14 hectares. Ten

analyzing for soil test phosphorous, they discovered

hectares were restored to wetland, while the remaining

that while PWS effectively traps suspended solids and

four hectares are woodland (Montgomery and Eames,

transforms nitrogen, it serves as a point source of excess

2008). A retention pond that collects water runoff from a

soluble reactive and total phosphorous to the adjacent

nearby shopping center parking lot serves as the source

Chicago River and ultimately the Illinois and Mississippi

of water for this wetland, which drains through a shallow

Rivers. It was found that more phosphorous leaves

swale into the emergent marsh, ultimately discharging

PWS than enters PWS. It is speculated that this excess

into the Middle-Fork North Branch of the Chicago River

phosphorous could come from a legacy fertilizer effect

(Fig 1). The soil series present around the emergent

that slowly solubilizes phosphorous into the overlaying

marsh of PWS are Pella silty clay loam (fine-silty, mixed,

water column (Montgomery and Eames, 2008).

superactive, mesic Typic Endoaquolls), Ashkum silty clay
loam (fine, mixed, superactive, mesic Typic Endoaquolls),

While synoptic sampling and analysis of water has

Wauconda silt loam (fine-silty, mixed, superactive, mesic

occurred regularly since 1995, soil testing has occurred

Udollic Endoaqualfs), and Sawmill silty clay loam fine-

less frequently, and has principally been focused on soils

silty, mixed, superactive, mesic Cumulic Endoaquolls)

collected from surrounding upland areas. No extensive

(Soil Survey Staff).

soil and sediment testing has been conducted on

emergent marsh includes dense stands of cattails (Typha

samples collected from the emergent marsh. Although

sp) and various species of soft-stem and river bulrush

sediment dynamics within salt marshes have been

(Scirpus sp) (Fig 1).

The vegetation surrounding the

well researched, little is known about the sediment
dynamics of freshwater wetlands, especially those of

METHODS AND PROCEDURES

restored freshwater wetlands (Darke and Megonigal,

Locations for sediment/soil sample selection were

2003). Since functionality and complexity of wetlands

determined by placing 28 stakes along one north/south

is largely determined by the interconnectedness of

(N/S) transect and 16 stakes along five west/east (W/E)

wetland components—the soil matrix, sediment, water,

transects in the emergent marsh (Fig 2). All stakes were

vegetation, fauna—analysis of as many of these factors as

placed 7.62 m apart from one another (GPS locations on

possible is crucial in understanding the functionality of

the map not resolved to this level of accuracy). Samples

any given wetland.

were collected at each stake using an auger to a depth of
15.2 cm. These samples were then oven-dried, ground,
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passed through a sieve (No. 10), and analyzed for particle

R E S U LTS

size—percent sand, percent silt, and percent clay— using

Soil test phosphorous was highest (>245.746) at the

the hydrometer method (Gee and Bauder, 1986).

southern end of the marsh where flowing water enters
the marsh (Fig 3). A point of high soil test phosphorous

Sediment/soil samples were tested for soil phosphorous

also persists in the center of the marsh. Soil test

using a standard Mehlich-3 extraction method (APHA,

concentrations were lowest across the northern half of

1995), in which plant-available phosphorous was

the marsh.

extracted from a 2 g sediment sample using 20 mL
Mehlich-3 extractant. Samples were then vacuum filtered

C:N ratio was high throughout majority of the marsh,

and tested for soil test phosphorous using EPA method

with two distinct points of low C:N ratios (Fig 4).

365.2 on the Hach™ DR5000 UV-Vis spectrophotometer
(APHA, 1995). Samples were fine-ground using a

The majority of sediment/soil samples were classified

SamplePrep 8000M mixer/mill® to test for C:N ratio

in the silt loam textural class. Percent sand was greatest

using a CE Elantech Flash EA1112 elemental analyzer.

(>32.30) at the southernmost and northernmost points

Sediment deposition rates were measured for two time

of the marsh, and was generally higher on the southern

periods:

9/8/12-10/9/12, and 10/9/12-11/13/12. This

end than on the northern end (Fig 5a). Percent silt

was done by placing the base of cylindrical sediment

was greatest (>70.92) towards the upper center and

traps flush with the sediment surface, and measuring

southernmost point of the marsh (Fig 5b). Percent clay

the sediment deposition within these traps at monthly

was highest (>31.66) around the northern half of the

intervals, as adapted from Fennessy et al. (1994). These

marsh (Fig 5c).

traps were composed of 1,000-mL polyethylene bottles
(cross-sectional area = 23.76 cm2) attached to a stake,

Looking at the 42 points sampled, phosphorous was

and placed where the water enters the marsh on the

significantly positively associated with percent sand,

south, the center of the marsh and where water exits the

and negatively associated with percent silt (sand: r=0.335,

marsh into the Chicago River (Fig 2). Dry weights of the

p=0.019, n=41; silt: r=-0.368, p=0.015, n=41). However

sediment trap contents were used to derive the sediment

transect point N/S28, at the southeastern corner of the

deposition rates. Sedimentation rate was not determined

marsh, had unusually high levels of phosphorus; when

for the center of the marsh in the second series, because

removed as an outlier, phosphorous showed stronger

the polyethylene bottle used in the sediment trap

relationships with percent sand and silt, and was now

detached from its holder and any deposited sediment

significantly positively associated with percent clay

was irretrievable.

(sand: r=0.437, p=0.004, n=40; silt: r=-0.477, p=0.001, n=40;
clay: r=0.369, p=0.016, n=40). Soil test phosphorous was

Geographic Information Systems (GIS) software—

not correlated with C:N ratio (r=-0.116, p=0.526, n=30).

ArcMap v. 10.0—was used to create Inverse Distance
Weight (IDW) interpolation maps showing the spatial

Sedimentation rates (in kg m-2 d-1) were determined

distribution of average soil test phosphorous (in mg/kg),

from three locations in the marsh: (1) where water enters

C:N ratios, percent sand, percent silt, and percent clay.

the marsh on the south, (2) the marsh center, and (3)

Additionally, correlation analysis was used to evaluate

where water exits the marsh into Chicago River. The

the relationship between soil test phosphorous and the

sampling device for the marsh center was missing for

rest of these variables; relationships were considered

the second sampling period. For both sampling periods,

significant at the 0.5 level.

sedimentation rate was higher at the water exit than at
the water entrance (Fig 6). For the first sampling period,
sedimentation rate was highest at the marsh center.

— 244 —

Published by Digital Commons@DePaul, 2013

3

DePaul Discoveries, Vol. 2 [2013], Iss. 1, Art. 8

A C H A R A CT E R I Z AT I O N O F M A R S H S E D I M E N T AT P R A I R I E W O L F S LO U G H W E T L A N D

DISCUSSION

of the year; they do not provide a holistic understanding

The results of this study indicate that the high soil test

of seasonal changes in sedimentation. Additionally, only

phosphorous concentrations in PWS cannot fully be

having sediment traps at three locations in the marsh

explained by particle size fractions, or C:N ratio. There

limits the understanding of sedimentation throughout

was no correlation between C:N ratio and soil test

the emergent marsh. High concentrations of total and

phosphorous. Soil test phosphorous concentrations are

suspended solids have been measured after major storm

most strongly negatively correlated with percent silt

events at the outlet site where water discharges from the

and positively associated with percent sand and percent

marsh into the Chicago River (Montgomery, personal

clay. However, percent silt accounted for only 13.54% of

communication). Water pulsing through the marsh

the variation in soil test phosphorus. With the outlier

during these events effectively “stirs” and entrains

removed, percent silt explained 22.75% of the variation

sediment, eventually sweeping it out of the marsh. The

in soil test phosphorus. As phosphorous is suspended

higher sedimentation rates measured at the water exit

in the PWS water column, it was expected that soil test

sample location in comparison to the entrance location

phosphorous could be correlated with finer soil/sediment

could be explained by the difference in vegetative cover

particles (clay-sized particles) that also readily suspend

between these two areas: a greater biomass density near

in water. However, it is evident from this study that this

the water entrance could be trapping sediment rather

is not the case. Thus, other factors have an effect on soil

than allowing it to deposit, whereas less biomass near the

test phosphorous concentrations.

water exit could allow sediment to suspend and deposit
more freely. Additionally, higher sedimentation rates

Higher soil test phosphorous concentrations in the

at the water exit could be explained by high sediment

southern end of the marsh may be due to large quantities

loads generated by storm events during the sample

of decomposing cattails (Typha sp) and bulrush (Scirpus

periods. Further study of PWS will allow for additional

sp). Unlike the south end of the marsh, the marsh center

study of sedimentation rate. Continued assessment of

is devoid of rooted aquatic vegetation; here, there

sedimentation rate throughout the marsh can help give

is also a gradually decreasing concentration of soil

an idea of how water is flowing and thereby distributing

test phosphorous. Variation in soil test phosphorous

sediment, and how sedimentation is altered by seasonal

concentrations may be correlated with the amount of

patterns of precipitation. Additionally, analyzing the

biomass and rates of water flow throughout the emergent

deposited sediment for soil test phosphorous could

marsh. Aside from decomposing biomass and water

provide a better understanding of how phosphorous is

regimes, another source of high soil test phosphorous

distributed throughout the marsh within sediment, and

concentrations could be from the upward diffusion

not just sediment/soil.

of phosphorous stored in underlying soils. PWS was
fertilized when it was actively farmed, and residual

The soils present in the upland areas surrounding the

phosphate fertilizer may be diffusing into the water

emergent marsh may be contributors to the particle size

column (Montgomery and Eames, 2008).

distribution within the emergent marsh, which is largely
silt loam. The clay fraction may be decreased within the

With only two date intervals and a missing sampler,

emergent marsh, in comparison to these upland soil

a complete understanding of spatial distribution of

series, because high winds move water around within

sedimentation rate within the emergent marsh was not

the marsh, resulting in continuous re-suspension of

obtained. While sedimentation rates were higher at the

the fine mineral and organic (clay-sized) particles. This

water exit than the water entrance for both time intervals,

can decrease the amount of clay-sized particles that are

these time intervals were only two consecutive months

deposited as marsh sediment.
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Understanding the phosphorous loads in PWS helps to
define this location as a point source of phosphorous,
contributing this nutrient to the upper Mississippi River
Basin. High nutrient loads in the Mississippi River
Basin have been shown to contribute to the hypoxic
zone of the Gulf of Mexico (Olguin et al., 2004). A better
understanding of the phosphorous contribution from
the soils in PWS can be obtained through continued
assessment of PWS soils and sediment. As with
any wetland, continued assessment is necessary in
understanding its functionality and efficacy in removing
suspended sediments and pollutants from water.

FIGURE 1

FIGURE 2

Aerial photograph of PWS.

Sediment trap locations, and N/S and W/E transect points.
.
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FIGURE 3

FIGURE 4

Spatial patterns of average soil test phosphorous (mg/kg).

Spatial patterns of sediment C:N ratio.

FIGURE 5

FIGURE 6

Spatial patterns of particle size components: percent sand, silt, and

Sedimentation rates determined from three locations within the

clay.

marsh.
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